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TUNNELING EMITTER 

5 

FIELD OF THE INVENTION 

The invention is directed to field emission devices. In particular the invention is 
directed to the flat field emission emitters utilizing direct tunneling and their use in electronic 
10 devices. 

BACKGROUND OF THE INVENTION 

Several different field emission devices have been proposed and implemented to 

1 5 create electron emissions useful for displays or other electronic devices such as storage 
devices. Traditionally, vacuum devices with thermionic emission such as electron tubes 
required the heating of cathode surfaces to create the electron emission. The electrons are 
drawn in a vacuum space to an anode structure that is at a predetermined voltage potential to 
attract the electrons. For a display device such as a cathode ray tube, the anode structure is 

20 coated with phosphors such that when an electron impinges on the phosphor, photons are 
generated to create a visible image. Cold cathode devices such as spindt tips (pointed tips) 
have been used to replace the hot cathode technology. However, it has been difficult to 
reduce the size and integrate several spindt tips while maintaining reliability. As the size is 
reduced, the spindt tip becomes more susceptible to damage from contaminants in the 

25 vacuum that are ionized when an electron strikes it. The ionized contaminant is then attracted 
to the spindt tip and collides with it, thereby causing damage. To increase the life of the 
spindt tip, the vacuum space must have an increasingly high vacuum. A flat emitter having a 
larger emission surface can be operated reliably at lower vacuum requirements. However, for 
some applications, the amount of current density from conventional flat emitters is not high 

30 enough to be useful. Thus a need exists to create a flat emitter that has high current density 
that is also able to operate reliably in low vacuum environments. 
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SUMMARY 

An emitter has an electron supply layer and a tunneling layer formed on the electron 
supply layer. Optionally, an insulator layer is formed on the electron supply layer and has 
openings defined within in which the tunneling layer is formed. A cathode layer is formed on 
the tunneling layer to provide a surface for energy emissions of electrons and/or photons. 
Preferably, the emitter is subjected to an annealing process thereby increasing the supply of 
electrons tunneled from the electron supply layer to the cathode layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exemplary illustration of a tunneling emitter incorporating the invention. 

Fig. 2 is an exemplary illustration of the use of the tunneling emitter of Fig. 1 to create 
a focused electron beam. 

Fig. 3 is an exemplary illustration of an integrated circuit that includes several 
tunneling emitters and an optical lens to create a display device. 

Fig. 4 is an exemplary block diagram of an integrated circuit that incorporates 
multiple tunneling emitters and control circuitry. 

Fig. 5 is an exemplary illustration of a tunneling emitter on an integrated circuit that 
includes a lens for focusing the energy emissions from the tunneling emitter. 

Fig. 6 is an exemplary display that is created from an integrated circuit that includes 
multiple tunneling emitters and an anode structure that creates or passes photons. 

Fig. 7 is an exemplary storage device that incorporates an integrated circuit that 
includes multiple tunneling emitters for reading and recording information onto a rewriteable 
media. 

Fig. 8 is a top view of an exemplary tunneling emitter. 

Fig. 9 is an exemplary cross-sectional view of the tunneling emitter shown in Fig. 8. 

Fig. 10 is an exemplary block diagram of a computer that incorporates at least one of 
the electronic devices, a display or storage device, which incorporate the tunneling emitters of 
the invention. 
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Figs. 1 1 A-l 1L are illustrations of exemplary steps used in an exemplary process to 
create the tunneling emitter of the invention. 

Figs 12A and 12B are charts of exemplary annealing processes used to optionally 
improve the tunneling emitters of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED AND ALTERNATE 

EMBODIMENTS 



The present invention is directed to field emission emitters that provide high levels of 

10 emission current per square centimeter by using a tunneling layer that has a sufficient thinness 
of less than about 500 Angstroms to create a high electric field between an electron source 
and a flat cathode surface. Conventional flat emitter type devices have low emission current 
per square centimeter of surface area and thus are not usable in several applications. The 
invention uses a thin deposition of a metal cluster dielectric, preferably between 50 and 250 

15 Angstroms, preferably about 100 Angstroms to create a barrier in which electrons can tunnel 
between the electron source and the cathode surface. By using such a material, the emission 
current can be greater than 10 mAmps, 100 mAmps, or 1 Amp per square centimeter which is 
one, two, or three orders of magnitude, respectively, greater than that of conventional flat 
emitter technology. The actual emission rate will depend upon the design choices of the type 

20 and thickness of material used for the tunneling layer. In addition to electron emissions, the 
invention is also able to create photon emissions that provides for additional uses for the 
emitter incorporating the invention. Further advantages and features of the invention will 
become more apparent in the following description of the invention, its method of making 
and various applications of use. 

25 In the illustrations of this description, various parts of the emitter elements have not 

been drawn to scale. Certain dimensions have been exaggerated in relation to other 
dimensions in order to provide a clearer illustration and understanding of the present 
invention. For the purposes of illustration, the embodiments illustrated herein are shown in 
two-dimensional views with various regions having depth and width. It should be understood 

30 that these region are illustrations only of a portion of a single cell of a device, which may 

include a plurality of such cells arranged in a three-dimensional structure. Accordingly, these 
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regions will have three dimensions, including length, width, and depth when fabricated on an 
actual device. 

Further, one aspect of the invention is that it can be fabricated using conventional 
integrated circuit thin-film technologies. Several different technologies exist to perform 
5 several of the process steps and can be interchanged by those having skill in the art. For 
example, unless specifically called out, deposition of material can be by one of several 
processes such as evaporation, sputtering, chemical vapor deposition, molecular beam 
epitaxy, photochemical vapor deposition, low temperature photochemical vapor deposition, 
and plasma deposition, to name a few. Additionally, several different etch technologies exist 

10 such as wet etching, dry etching, ion beam etching, reactive ion etching, and plasma etching 
such as barrel plasma etching and planar plasma etching to name some of the possible etching 
technologies. Choice of actual technologies used will depend on material used and cost 
criteria among other factors. 

Fig.l is an exemplary diagram of an emitter device 50, preferably a flat emitter for 

15 electron and photon emission, which includes an electron source 10. On the electron source 
10 is a tunneling layer 20. Preferably, the tunneling layer 20 is formed from a metal cluster 
dielectric such as tungsten silicon nitrate (WSiN) or tantalum oxide (TaO x ), titanium oxide 
(TiO x , where x = 0.5 to 2.5). Also, tantalum aluminum oxynitride (TaA10 x N y ), tantalum 
aluminum oxide (TaA10 x ), aluminum oxynitride (A10 x N y ) or other transitionary metal (TM) 

20 oxides or oxynitrides ((TM)O x or (TM)O x N y ) are envisioned as being capable of use as 

tunneling layer 20. The tunneling layer preferably has a thickness less than 500 Angstroms 
and preferably the thickness is within the range of about 50 to about 250 Angstroms, such as 
100 Angstroms or less. The chosen thickness determines the electrical field strength that the 
tunneling layer must be able to withstand and the desired emitter emission current. Disposed 

25 on the tunneling layer 20 is a cathode layer 14, preferably a thin-film conductor such as 

platinum, gold, molybdenum, iridium, ruthenium, tantalum, chromium, or other refractive 
metals or alloys thereof. Preferably, the thickness of the cathode layer is 30 to 150 
Angstroms. When a voltage source 24 having an emitter voltage V e (about 3-10V) is applied 
to the cathode layer 14 and electron supply 10 via a contact 12, electrons tunnel from the 

30 substrate 10 (an electron supply) to the cathode layer 14. Because of the thinness of the 

tunneling layer 20, the electric field in which the electrons tunnel through is very strong and 
the electron emission 16 from the surface of the cathode layer 14 is greater than conventional 
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designs. Also, photon emission 18 occurs along with the electron emission 16 to form the 
energy emission 22 from the emitter 50. 

- V 

The electron field is calculated for various thicknesses as E = - — - — where thickness is 

^ thickness 

the thickness of tunneling layer 20. For example, for a V e =10V, the electric field is equal to 
5 10 7 volts/meter for a 100 Angstrom thickness in the tunneling layer, 

Preferably, the tunneling layer 20 is sputter deposited. By using metal cluster 
dielectrics as the tunneling layer, a very high electric field strength can be applied between the 
electron source 10 and the cathode layer 14 to achieve higher emission, because the metal 
cluster dielectrics withstand much higher electrical field strength without electrical 
10 breakdown. 

Fig. 2 is an exemplary diagram of a use for the emitter 50 of Fig. 1. In this 
application, the electron emission 16 is focused by an electrostatic focusing device or lens 28, 
exemplified as an aperture in a conductor that is set at predetermined voltage that can be 
adjusted to change the focusing effect of the lens 28. Those skilled in the art will appreciate 

15 that lens 28 can be made from more than one conductor layer to create a desired focusing 

effect. The electron emission 16 is focused by lens 28 into a focused beam 32 onto an anode 
structure 30. The anode structure 30 is set at an anode voltage V a 26 which magnitude varies 
for an application depending on the intended use and the distance from the anode structure 30 
to the emitter 50. For instance, with anode structure 30 being a recordable medium for a 

20 storage device, V a might be chosen to be between 500 and 1000 Volts. The lens 28 focuses 
the electron emission 16 by forming an electric field 34 within its aperture. By being set at a 
proper voltage from V e , the electrons emitted from the emitter 50 are directed to the center of 
the aperture and then further attracted to the anode structure 30 to form the focused beam 32. 
Fig. 3 is an exemplary embodiment of a display 40 having an integrated circuit 52 that 

25 includes multiple integrated emitters 100 formed in an array of pixel groups. The integrated 
emitters 100 emit photon emission 18, a visible light source, which is focused with an optical , 
lens 38 to a focused beam 32 that is viewable as an image. The optical lens 38 is preferably 
coated with a transparent conducting surface, such as indium tin oxide, to capture electrons 
emitted from the emitters, thus forming a cathode layer on the lens. 

30 Fig. 4 is an exemplary embodiment of an integrated circuit 52 that includes at least 

one integrated emitter 100 but preferably a plurality of integrated emitters 100 arraigned in an 
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array. An emitter control circuit 72 is integrated onto the integrated circuit 52 and used to 
operate the at least one integrated emitter 100. 

Fig. 5 is an exemplary embodiment of an integrated circuit 52 that includes an 
integrated emitter 100 and a lens array 48. The integrated circuit 52 is formed on a 
5 conductive substrate 10, preferably heavily doped silicon or a conductive material such as a 
thin film conductive layer to provide an electron source. On the substrate 10 is disposed a 
tunneling layer 20 having a thickness of less than 500 Angstroms, preferably about 100 
Angstroms though 50 to 250 Angstroms is further preferable for some applications. Different 
layers of semiconductor thin-film materials are applied to the substrate 10 and etched to form 

10 the integrated emitter 100. Disposed on the tunneling layer 20 is a cathode layer 14, 

preferably a thin-film conductive layer of platinum, gold, molybdenum, iridium, ruthenium, 
tantalum, chromium, or other refractive metals or alloys thereof, but preferably substantially 
platinum. The cathode layer 14 forms a cathode surface from which energy in the form of 
electrons and photons are emitted. The lens array 48 is applied using conventional thin-film 

15 processing and includes a lens 28 defined within a conductive layer and aligned with the 

integrated emitter 100 to focus the energy from the integrated emitter 100 onto a surface of an 
anode structure 76. Anode structure 76 is located a target distance 74 from the integrated 
circuit 52. 

Fig. 6 is an alternative embodiment of a display application using the integrated 
20 emitter 100 of the invention. In this embodiment, a plurality of emitters 100 is arraigned and 
formed in an integrated circuit 52. Each of the emitters 100 emits energy emission 22 in the 
form of electron emissions 16 or photon emissions 18 (see Fig. 1). An anode structure, 
display 40, receives the emitted energy in display pixel 44, made up of display sub-pixels 42. 
Display sub-pixel 42 is preferably a phosphor material that creates photons when struck by 
25 the electron emission 16 of energy emission 22. Alternatively, display sub-pixel 42 can be a 
translucent opening to allow photon emission 18 of energy emission 22 to pass through the 
display 40 for direct photon viewing. 

Fig. 7 is an alternative use of an integrated emitter 100 within in a storage device. In 
this exemplary embodiment, an integrated circuit (IC) 52 having a plurality of integrated 
30 emitters 100 has a lens array 48 of focusing mechanisms aligned with integrated emitters 100. 
The lens array 48 is used to create a focused beam 32 that is used to affect a recording 
surface, media 58. Media 58 is applied to a mover 56 that positions the media 58 with respect 
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to the integrated emitters 100 on IC 52. Preferably, the mover 56 has a reader circuit 62 
integrated within. The reader 62 is shown as an amplifier 68 making a first ohmic contact 64 
to media 58 and a second ohmic contact 66 to mover 56, preferably a semiconductor or 
conductor substrate. When a focused beam 32 strikes the media 58, if the current density of 
the focused beam is high enough, the media is phase-changed to create an effected media area 
60. When a low current density focused beam 32 is applied to the media 58 surface, different 
rates of current flow are detected by amplifier 68 to create reader output 70. Thus, by 
affecting the media with the energy from the emitter 50, information is stored in the media 
using structural phase changed properties of the media. One such phase-change material is 
In2Se3. Other phase change materials are known to those skilled in the art. 

Fig. 8 is a top view of an exemplary embodiment of the invention of an integrated 
emitter 100 that includes an emitter area 84 within the cathode layer 14. The cathode layer 14 
is electrically coupled to and disposed on conductive layer 82 that is disposed over insulator 
layer 78. Integrated emitter 100 is shown as preferably a circular shape, however other shapes 
can be used. The circular shape is preferable in that the electric fields generated are more 
uniform as there are no discrete edges within the shape. 

Fig. 9 is a cross-section of the exemplary embodiment of integrated emitter 100 
shown in Fig. 8 looking into the 9-9 axis. A substrate 10, preferably a conductive layer or a 
highly doped semiconductor provides an electron supply to tunneling layer 20 that is disposed 
within an opening defined within an insulator layer 78. A cathode layer 14, preferably a thin- 
film conductive layer is disposed over the tunneling layer 20 and partially over the conductive 
layer 82 thereby making electrical contact with the conductive layer. Optionally, an adhesion 
layer 80 can added to provide for a bonding interface between the conductive layer 82 and the 
insulator layer 78 depending on the particular materials chosen for insulator layer 78 and 
conductive layer 82. 

Fig. 10 is an exemplary block diagram of a computer 90 that includes a 
microprocessor 96, memory 98, which is coupled to the microprocessor 96, and electronic 
devices, a storage device 94 and a display device 92. The electronic devices are coupled to 
the microprocessor 96. The microprocessor 96 is capable of executing instructions from the 
memory to allow for the transfer of data between the memory and the electronic devices, such 
as the storage device 94 and the display device 92. Each electronic device includes an 
integrated circuit that has an emitter incorporating the invention and preferably a focusing 
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device for focusing the emissions from the emitter. The emitter has an electron supply layer 
with an insulating layer disposed thereon. The insulating layer has an opening defined within 
which a tunneling layer is formed on the electron supply layer. On the tunneling layer is a 
cathode layer. Preferably but optionally, the integrated circuit with the emitter has been 
subjected to an annealing process thereby increasing the supply of electrons that can tunnel 
from the electron supply layer to the cathode layer. The annealing process also reduces the 
contact resistance between metal layers thereby enhancing conductivity of electrons to the 
emitter. 

Figs 1 1 A to 1 1L illustrate exemplary process steps used to create an emitter 
incorporating the invention. In Fig 1 1 A, a mask 102, of dielectrics or photoresist is applied to 
a substrate 10, preferably a silicon semiconductor substrate, although substrate 10 might be a 
conductive thin-film layer or a conductive substrate. Preferably substrate 10 has a sheet 
resistance of about 100 to 0.0001 ohms centimeter. 

In Fig. 1 IB an insulator layer 78 is created, preferably by field oxide growth when 
substrate 10 is a silicon substrate. Optionally, the insulator layer 78 can be formed of other 
oxide, nitride, or other conventional dielectrics deposited or grown alone or in combination 
using conventional semiconductor processes. The insulator layer 78 is created on substrate 
except in areas covered by mask 102. The area defined by mask 102, and thus the resulting 
voids or defined openings within insulator layer 78 determines the location and shape of the 
latter formed integrated emitter 100 when mask 102 is removed. 

In Fig. 1 1C, an optional adhesive layer 80 is applied on the substrate 10 and insulator 
layer 78. The adhesive layer 80 is preferably tantalum when the later applied conductive layer 
82 (see Fig. 1 ID) is made of gold. Preferably, the adhesive layer is applied using 
conventional deposition techniques. The adhesive layer is preferably about 100 to about 200 
Angstroms thick but can be any thickness depending on the materials chosen. 

In Fig. 1 ID a conductive layer 82 is applied on the previously applied layers on 
substrate 10, such as adhesive layer 80 if used. Preferably, the conductive layer is formed 
using conventional deposition techniques. The conductive layer is preferably gold that is 
about 500 to about 1000 Angstroms thick. 

In Fig. 1 IE a patterning layer 104 is applied on the conductive layer 82 and an 
opening is formed within it to define an etching region for creating the integrated emitter. 
Preferably, the patterning layer 104 is a positive photoresist layer of about 1 um thickness. 
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In Fig. 1 IF preferably a wet etch process is used to create an opening in the 
conductive layer 82 within the opening of the patterning layer 104. Typically, the etching will 
create an isotropic etch profile 106 as shown in which a portion of the conductive layer is 
undercut under the patterning layer 104. Preferably the wet etch process used does not react 
5 with the adhesive layer 80, if used, to prevent the etch material from reaching the substrate 
10. Optionally, a dry etch process can be used to etch the conductive layer 82. 

In Fig. 1 1G preferably a dry etch process that is reactive to the adhesive layer 80 is 
used to create an anisotropic profile 108. 

In Fig. 1 1H a tunneling layer 20 of preferably a high dielectric strength material such 

10 as metal cluster dielectrics, TiO x , TaO x , WSiN, TaA10 x N y , TaA10 x or MO x N y , but preferably 
TiO x , is applied over the surface of the processed substrate 10 on the patterning layer 104 and 
openings in insulator layer 78. The tunneling layer 20 is preferably deposited by sputtering 
the metal and introducing oxygen and/or nitrogen to form the dielectric to a thickness of less 
than about 500 Angstroms, preferably between about 50 to about 250 Angstroms, such as 

15 about 100 Angstroms. 

In Fig. 1 II a lift-off process is used to remove patterning layer 104 and that portion of 
tunneling layer 20 that is disposed on the patterning layer 104. Preferably, low temperature 
plasma is used to reactively etch ash organic materials within the patterning layer 104. The 
gas used is preferably oxygen in a planer plasma etch process. The processed substrate 10 is 

20 place in a chamber and the oxygen is introduced and excited by an energy source to create a 
plasma field. The plasma field energizes the oxygen to a high-energy state, which, in turn 
oxidizes the patterning layer 104 components to gases that are removed from the chamber by 
a vacuum pump. Because of their proximity and difference in volume ratios, some of the 
components of the patterning layer 104 during lift-off react with constituents in the thin 

25 tunneling layer 20 disposed on the patterning layer 104. For example, carbon monoxide 
released from the patterning layer 104 reacts with the oxygen in a TiO x layer of tunneling 
layer 20 to form CO2 gas which is then removed leaving a small amount of Ti on the surface 
of the conductive layer 82. Thus the tunneling layer 20 disposed on the patterning layer 104 
is essentially removed in the lift-off process. After the lift-off process is complete, essentially 

30 only that portion of tunneling layer 20 that is disposed within the openings of insulator layer 
78 remains. 
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Optionally, a wet lift-off process can be used in lieu of the plasma lift-off process. 
After the tunneling layer 20 is applied to the surface of the processed substrate 10, the 
substrate 10 is immersed in a solvent that will swell and remove the patterning layer 104 thus 
keeping the tunneling layer 20 disposed within the opening of insulator layer 78. 
5 Fig. 1 1 J shows the application of a cathode layer 14 over the surface of the processed 

substrate 10. The cathode layer 14 is preferably a thin-film metallic layer such as platinum 
and preferably has a thickness of about 50 to about 250 Angstroms. Other metals can be used 
for cathode layer 14 such as gold, molybdenum, iridium, ruthenium, tantalum, chromium, or 
other refractive metals or alloys thereof. The cathode layer 14 disposed on tunneling layer 20 

10 forms the emitter surface 86 within the emitter chamber 1 14. 

Fig. 1 IK illustrates the application of a cathode photoresist layer 1 16 that has been 
applied and patterned to define openings where the cathode layer 14 is to be etched to isolate 
multiple emitters on the substrate 10. 

Fig. 1 1L illustrates the cathode layer 14 after it has been etched and the cathode 

15 photoresist 116 removed. Within the emitter chamber 1 14 is the emitter surface 86. An 

exemplary top view of the resulting structure is shown in Fig. 8. The emitter surface 86 has a 
first area. The emitter chamber 1 14 has a first chamber section interfacing to the emitter 
surface 86 that has substantially parallel sidewalls within the adhesion layer 80. The emitter 
chamber 114 has a second chamber section formed in the conductive layer 82 that has 

20 sidewalls that diverge to an opening having a second area. The second area is larger than the 
first area. The cathode layer 14 is disposed on the emitter surface 86 and the sidewalls of the 
first and second sections of the emitter chamber 1 14. By using integrated circuit thin film 
technology to fabricate the emitter, it can be integrated along with traditional active circuits 
found on conventional integrated circuits. The integrated circuit with the emitter can be used 

25 in display devices or storage devices as previously described. Preferably, after fabrication, 
the emitter is subjected to an annealing process to increase the amount of emission from the 
emitter. 

Fig. 12A and 12B are charts of exemplary annealing processes which are used to 
increase the emission current capability of an emitter embodying the invention. The 
30 annealing process also increases the device yields and quality by allowing the emitters to last 
longer. The annealing process, among other benefits, helps to decrease the resistance of 
contacts of dissimilar metals thereby increasing the current flow to the emitters. 
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In Fig. 12 A, a first thermal profile 120 shows the processed substrate that includes an 
emitter incorporating the invention first elevated to a temperature of about 400 C within 10 
minutes then held at this temperature for 30 minutes. Then the processed substrate is slowly 
cooled back to room temperature (about 25 C) over a period of about 55 minutes. 
5 In Fig. 12B, a second thermal profile 122 shows the processed substrate including an 

emitter incorporating the invention heated to a temperature of about 600 C within 10 minutes 
and held at that temperature for about 30 minutes. Then, the processed substrate is gradually 
cooled to room temperature over a period of about 100 minutes. Those skilled in the art will 
appreciate that the elevated temperature and the rate of cooling can be modified from the 
10 exemplary processes described and still meet the spirit and scope of the invention. By 

annealing the substrate that includes at least one emitter incorporating the invention, several 
characteristics of the emitter are improved. 
What is claimed is: 



